Abstract Paspalum dilatatum is a South American forage grass with two subspecies in Argentina and Uruguay. Little is known about the variability of length, width and area of blades among and within clones of P. dilatatum subspecies, or about the relationships between leaf area and its components. The length, width and area of the last unfolded leaf was measured for 14 clones of both subspecies, at different summer and autumn dates. Differences between subspecies and among clones were detected for almost all those characters. On average, clones of ssp. dilatatum were higher than those of ssp. flavescens. Different linear models to predict leaf area were performed for each subspecies and season, using effects of date, clone, leaf length and leaf width as covariables. Estimates based only upon leaf length had a slightly lower fit than the most complex models, but they are more practical because only leaf length measurements are required and as a result, they are less time consuming.
INTRODUCTION
Paspalum dilatatum Poiret (Dallisgrass) is a forage native of South America, with high summer production. It is widely distributed in subtropical and warm regions of America, Australia, and New Zealand (Carámbula 1982; Burson et al. 1991; Venuto et al. 2003) . The subspecies dilatatum and flavescens have been described for Argentina and Uruguay and they have differences in morphology, reproductive system, and ploidy level (Burson et al. 1991; Zuloaga & Morrone 2001) . Clones of ssp. flavescens (FLAV) are tetraploids with yellow anthers, and they are less frequent than those of ssp. dilatatum (DIL). Plants of the latter subspecies have purple anthers. Pentaploid clones are the common form of this subspecies, but hexaploids of restricted distribution have also been described (Burson et al. 1991) . Differences in production of dry matter among clones of ssp. dilatatum have been detected (Cicardini et al. 1984; Burson et al. 1991; Venuto et al. 2003 ), but the forage value for each subspecies has not been defined completely. Tetraploid plants are phenotypically inferior in forage value (Maddaloni 2001) , although not in all seasons (Carámbula 1982) , or all genotypes (Suárez 1998 ). Forage production is directly related to the plant area involved in photosynthesis (Lemaire & Chapman 1996) . Leaf expansion rate can be a good indicator of potential for forage production per tiller (Nelson et al. 1977) , and size of leaf blades could be considered when selecting promising genotypes. In grasses, leaf area can be estimated in non-destructive samplings by measuring leaf length, because the relationship between area and length is usually considered constant for a particular genotype (Lemaire & Chapman 1996) . However, leaf length can vary in each species at the subspecific level, among varieties and genotypes, and among phenologic stages (Nelson et al. 1977; Tallowin et al. 1995; Borrajo 1998) . Moreover, although leaf area modifications are mainly due to variations in leaf length, the influence of foliar width must also be considered (Nelson et al. 1977) . The aim of this study is to determine for clones Please mark corrections in a contrasting colour and return this copy and ms by the next mail. Received x Yzzzzxxzr 2004; accepted Z Vcczxy 2005 New Zealand Journal of Agricultural Research, 2006, Vol. 49 2 of P. dilatatum ssp. dilatatum and ssp. flavescens, (1) variability in length, width and area of leaves and (2) the relationship between leaf area and the other two variables, during summer and autumn. Knowing the variation in foliar size between and within subspecies will help to define the forage value of both subspecies. The relationship between area and its components will permit the selection of germplasm with higher leaf area by non-destructive samplings.
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MATERIALS AND METHODS
At the Estación Experimental Agropecuaria Balcarce (EEAB), of the Instituto Nacional de Tecnología Agropecuaria, Argentina (37º45′S-58º18′W), a trial was carried out with seven clones of P. dilatatum ssp. flavescens (FLAV) and seven of the ssp. dilatatum (DIL) ( Table 1) . FLAV clones were wild tetraploids, while six DIL clones were wild pentaploids of the common biotype and the other DIL clone was the cultivar 'Estanzuela Chirú', a hexaploid clone of the Uruguayan group (Burson et al. 1991) . The cultivar and clone Sayago were provided by the Facultad de Agronomía, Montevideo, Uruguay, and those from Argentina were provided by the Germplasm Bank of the EEAB and were native of Buenos Aires province. In four of the collecting sites, plants of subspecies DIL and FLAV grew sympatrically, separated from each other by less than 10 m (Table 1) . Individuals of each clone were obtained by plant division and were kept in individual pots under greenhouse conditions until transplanting. The trial was carried out in field in mid winter on a typical Argiudol soil (USDA 1992) (INTA 2005) , and as soil N and P levels were adequate, supplementary fertilisation and irrigation were not necessary.
Foliage was harvested to 3 cm above the ground level at the beginning of summer (27 December). Thirty tillers with two unfolded leaves per experimental unit were marked with a plastic band around the pseudostem. From 7 to 55 days following the harvest, at five dates, every 10 (±3) days, the last expanded leaf was cut from five tillers per date and experimental unit. Harvested leaves were kept in a portable refrigerator until reaching the laboratory, where their length and width were measured. The average area of leaves of each experimental unit was measured using a portable area meter. A second harvest was made at the end of summer (5 March); 30 new tillers were marked and observations similar to those carried out during summer were obtained every 10 (±2) days, at four dates between 35 and 80 days after cutting.
An analysis of variance (ANOVA) for leaf length, width, and area was performed for each season, following a linear model which included effects of subspecies, clones nested within each subspecies, blocks and dates as effects of a repeated measures design. Table 1 Mean length, width, and area for leaves appearing between the 7 and 55 day from harvest during summer, in clones of P. dilatatum ssp. dilatatum, ssp. flavescens, and for subspecies. Clones with equal or similar number, followed by d and f were collected at the same site. M6-8w = mean from 6 to 8 weeks. Means in a column with a common superscript letter were not significantly different at P > 0.05, LSD. As a consequence, the covariance structure within experimental unit used was compound symmetric (Littell et al. 1996) . Where significant interactions (date with subspecies or clone) were detected, an ANOVA was conducted for each subspecies in order to explain them. Least squares estimates were obtained for the means. The Protected Least Significant Difference (LSD) was used to test pairwise comparisons at P = 0.05. Comparisons between subspecies were realised using polynomial functions of date for each variable and season. In order to establish the relation between leaf area and their components for each season and each subspecies, the complete linear model (M1) was carried out through the lineal regression of data of the leaf area over the length, width and the product of both. Following that, simple models based on the stepwise selection of the variables (P < 0.05) (M2), or only on leaf length (M3), were carried out. Other models considering clone and date effects were also employed (M4-M7). Data analysis was performed using PROC. 
RESULTS
Leaf size variability
The magnitude of the differences in length, width, and leaf area between subspecies varied throughout the dates (interaction date × subspecies significant). On average between subspecies, the unfolded leaves at early January showed the lowest values for length (7.4 cm), width (0.6 cm), and leaf area (4.3 cm²) ( Fig. 1A-C) . The highest length and area were observed from leaves at late summer (20 February), at 13.2 cm and 8.4 cm², respectively, while the highest width (0.68 cm) was observed from 24 January to 6 February. There were significant differences among dates for each subspecies (P < 0.001) and the development of leaf size during summer was different between subspecies. Linear (P < 0.001) as well as quadratic (P = 0.023) and cubic (P < 0.002) components were significant for leaf length of DIL clones (Fig. 1A) . However, for FLAV clones only linear (P < 0.001) and cubic (P = 0.013) components were significant. Thus, although in both subspecies the length of leaves increased at a variable rate in time, these rates were different between subspecies. Blade width increased during summer at a variable rate which was gradually less at each time (Fig. 1B) , and width development could be described by an equation of quadratic order (P < 0.001). In relation to the area of the blades, the development during summer fitted an equation of cubic order for DIL clones (P < 0.01), but of quadratic order for FLAV (P < 0.001). Thus, although leaf area increased at a variable rate for both subspecies, the growth pattern varied between them (Fig. 1C) . DIL genotypes differed significantly from each other in summer, only in average length and area (P = 0.02), while FLAV clones differed (P = 0.01) for the three variables (Table 1) . Among DIL genotypes, the cultivar 'Chirú' had longer leaves but did not differ significantly from the wild clone 1708d. For FLAV, clone 918 showed the longest leaf length, but differed significantly only from 1564f. Although, on average, DIL clones had leaves 0.8 cm longer than those of FLAV, not all DIL clones had longer leaves, for example 1552d (Table 1) . Within DIL, the cultivar 'Chirú' had the highest value for leaf width, but without differing significantly from the wild clones (Table 1) . Among FLAV clones, the highest values were for clones 1700f, Sayago, and 1570f. On average, leaf width and area of FLAV clones were lower in absolute values than averages of DIL clones, although clone 1552d had the same width as clone 1700f and a smaller area than four of the FLAV clones (Table 1) . When DIL and FLAV were sympatric, the clone of DIL always showed higher values in length, width and leaf area, except in leaf length for pairs 1552 and 1570. During autumn, differences between subspecies (P < 0.01) were constant throughout the season for all variables (Fig.  1D-F) , and date × subspecies interactions were not significant (P > 0.05). The differences between dates for each subspecies were significant only for leaf width (Fig. 1D-F) . On average, FLAV clones had lower leaf length, width, and area in absolute values, than those of subspecies DIL.
Clones within DIL and FLAV subspecies did not differ significantly in leaf length during autumn, but they were different in width and leaf area (P < 0.01), although the differences were small (Table 2 ). In these characters the highest values were observed for clone 1708d which did not differ from 'Chirú'. The lowest values were registered for clone 1570f, however, several FLAV clones did not differ from this clone (Table 2) . When comparing leaf size in autumn among clones from the same site, those belonging to DIL group were always higher than their sympatric FLAV in absolute values of length, width, and leaf area (Table 2) , except for length for pair 1552. Table 2 Mean length, width, and area of leaves appearing between 35 and 80 days from cutting during autumn, in clones of P. dilatatum ssp. dilatatum, ssp. flavescens, and for subspecies. Clones with equal or similar number, followed by d and f were collected at the same site. M6-8w = mean from 6 to 8 weeks. Means in a column with a common superscript letter were not significantly different at P > 0.05, LSD. 
Relation between leaf area and its components
The estimation of leaf area in summer showed the complete model (M1) had the highest R 2 for DIL as well as for FLAV, but this model was not the best as the coefficients were not significant (Table 3) . Length × width (LW) was selected first in model M2, and then length, but the contribution of the latter was very low if LW was already present in the model. Model M3 had a good fit specially for DIL ( Fig. 2A,B) and in terms of R² adjusted, the differences with M1 were 0.06 for DIL and 0.18 for FLAV. In autumn, the coefficients of model M1 were not significant for either subspecies and the fit was lower than that for summer (Table 3) . Length was the unique selected variable in M2, so it was the same as M3, and had similar fit to that of M1 (Fig. 2C,D ; Table 3 ). Following model M3, length averages of the 95% confidence intervals for the mean area, were 0.33 cm² (summer) and 0.39 cm² (autumn), while length averages of the 95% prediction intervals were 2.84 cm² (FLAV) and 2.88 cm² (DIL) for summer and 2.93 cm² (FLAV) and 3.05 cm² (DIL) for autumn (Fig. 2) .
In summer, the ANOVA, including the effects of subspecies, clones, date as a measure repeated in time, and length as a covariate, showed a different rate of change of leaf area between subspecies (P < 0.009), but not among clones within subspecies. Estimation of leaf area with M3 was improved when the effect of date (M4 and M5), clone (M6) or Alonso & Monterubbianesi-Leaf variability in Paspalum dilatatum ssp. Mean dates changes length A, width B, and area C, of summer leaves and length D, width E, and area F of autumn leaves of Paspalum dilatatum ssp. dilatatum and ssp. flavescens clones.
both (M7) were incorporated, especially for FLAV (Table 3) . Models M6 showed that DIL clones 1556, 1570, and 1708, and FLAV clones 1570 and 1700 did not differ from 'Chirú' and Sayago, respectively.
Where date was considered (M7) only clone 1562 differed from 'Chirú', but all FLAV clones except 915 differed from Sayago (P < 0.05). In autumn, rate of change of leaf area did not differ between subspecies. As area did not vary between dates in this season, only M6 was considered for estimation of leaf area (Table 3) ; clones 1562 and 1708 differed from 'Chirú' (P < 0.05) but all FLAV clones except 915, differed from Sayago (P > 0.05).
DISCUSSION
Variation from 9 to 40 cm in leaf length and from 0.3 to 1 cm in leaf width has been reported for dallisgrass (Zuloaga & Morrone 2001) . Values recorded in this study are within this range, though those of leaf length were closer to the lower limit. Summer blades were longer than autumn blades for both subspecies, but the differences were small if averages at each stage analysed are taken into account. However, when comparing length of leaves in a similar period of time from harvest, for example between the sixth and eighth week, differences increase between seasons, summer leaves values being greater by more than 2 cm in length, 0.1 cm in width and 2.5 cm² in leaf area (Tables 2 and 3 ). Dallisgrass reaches its highest growth rates in summer (Cicardini et al. 1984) , because it is a C 4 species that grows actively at high temperatures (Carámbula 1982) . Higher temperatures increase leaf elongation (Gastal et al. 7 1992) and temperature is the greatest determinant of leaf expansion rate in grasses (Parsons 1988) .
The size of the early January leaves increased in the subsequent leaves of both subspecies, the highest rate being between the first and the second leaves. In general, the first leaf in a developing tiller is smaller than the following ones (Robson et al. 1988) . In P. dilatatum, tillers are very small after cutting (Deregibus et al. 1982) , which determines short initial leaves. As the growth is very active in summer (Cicardini et al. 1984) , differences in size are more evident in subsequent leaves. In temperate forage grasses leaves increase in length, width, and area progressively (Robson et al. 1988) , until reaching constant values in vegetative canopies (Skinner & Nelson 1995) , but in this experiment a constant leaf size was not reached during summer. Based on leaf appearance interval for P. dilatatum (Pueyo et al. 1995) , and on the accumulated degree-days for the summer period, only about six to seven leaves appeared, probably not be enough to stabilise leaf size at the vegetative stage. However, at the end of the summer period, 68% of the population of tillers was at the reproductive stage (Suárez 1998) indicating that after a short vegetative stage, a large quantity of tillers turned to a reproductive state. Leaf length increases considerably in grasses in the reproductive stage (Gastal et al. 1992) , which has also been observed for dallisgrass (Carámbula 1982) . The presence of some reproductive tillers, with longer blades than those of vegetative ones, could have determined the increases in leaf length observed in the last dates. A marked temporal superposition between vegetative and reproductive growth was observed in dallisgrass (Carámbula 1982) and confirmed in this work. Leaf length did not vary between dates in autumn, but based on leaf appearance interval, leaves that appeared after the initial harvest in this season could have been similar to those that appeared in summer. However, in this season the majority of autumn tillers did not become reproductive (Suárez 1998 ) and the leaf size could be stabilised as it has been observed in vegetative canopies for other forages (Robson et al. 1988; Skinner & Nelson 1995) .
In both seasons the largest differences between leaves of the two subspecies were observed in leaf area. Considering the positive relation between leaf area and forage production (Nelson et al. 1977; Lemaire & Chapman 1996) , the average of DIL clones could have more forage production than FLAV ones, in summer as well as during autumn. Greater forage production, at least in summer, also was mentioned for DIL clones (Carámbula 1982; Maddaloni 2001) . Suárez (1998) found that on average, DIL clones also had higher number and weight of tillers than FLAV clones, but the difference depended on the genotype and was not always present when individual clones of different subspecies were compared, as was observed in the present study. Within FLAV subspecies, Suárez (1998) detected differences among clones in characters related to dry matter production of tillers. Variability among pentaploid DIL clones was also found in length and leaf width of flag leaf (García et al. 2002) , as well as in daily growth rate and forage production (Cicardini et al. 1984) . Venuto et al. (2003) compared different DIL cytotypes and found that forage production was greater for hexaploids of the Uruguayan group than for pentaploids of the common type. These results are consistent with those obtained in this study in absolute values, as the hexaploid 'Chirú' showed the largest leaf size in summer and the longest blades in autumn. However, several wild pentaploids were not significantly smaller than the cultivar in any season. For both seasons and subspecies, differences among clones in leaf length, width, and area showed the existence of phenotypic variability for these attributes at the level of subspecies and within them. In general, leaf size was larger in cytotypes of higher ploidy level, but this was not always the case.
Leaf area estimation for P. dilatatum was different according to growing season and subspecies, consistent with observations for other forages regarding phenology and genotype variations (Nelson et al. 1977; Tallowin et al. 1995; Borrajo 1998) . The contribution of length to area definition is usually greater than that of width (Nelson et al. 1977) , which was confirmed for P. dilatatum, as length was always the variable of highest predictive value. Models of leaf area estimation based only on length have been suggested for different forages (Chapman & Lemaire 1993; Borrajo 1998 ). Leaf length is easier to measure and less time consuming, and its estimation is generally more accurate than leaf width (Alonso 2004 ), a reason why models based on length as the sole component would probably be more practical to use. For P. dilatatum, the model based on length (M3) showed a similar fit to the complete model (M1) for both subspecies (Table 3 ). The influence of length would be greater on leaf area estimation for summer, while other factors would have influence on leaf area for autumn. In this season, fit increases by the inclusion of the clone effect (M6), though the use of area estimates at clone level would be of restricted application. Moreover, they are difficult New Zealand Journal of Agricultural Research, 2006, Vol. 49 8 to estimate and could not determine great variations in relation to equations formulated at the subspecies level (M3).
This study has proved the existence of phenotypic variability in length, width, and foliar area between subspecies and among wild clones of P. dilatatum from Buenos Aires province, Argentina, during summer and autumn. Different models can be used to estimate leaf area in P. dilatatum subspecies. Those based only on leaf length seem to be the most adequate for this species, as they have high precision, are more practical and easier to measure and their application at the subspecies level is less restrictive.
